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Abstract 
Conjecturing is viewed as a creative work, how to in modifying premises and 
conclusions on the given tasks is our concern in this study. Results showed that 46% of 84 eighth graders and 43% of 91 ninth 
graders generated conjectures of good quality in geometrical parallel content, and 24% of 84 eighth graders and 17% of 91 ninth 
graders generated conjectures of good quality in factors of an integer content. Interview data showed that students who generated 
conjectures of good quality used both examples and logical statuses to guide their thinking. 
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1. Introduction 
An effective conjecturing task provides students with an ideal entry into mathematical proof and with a focus on 
creative thinking and reasoning needed to produce and justify a conjecture (Boero, Douek, Morselli & Pedemonte, 
2011). Research acknowledges, however, that conjecturing and proving is difficult for most students, but gives little 
direction in terms of how students can be facilitated to develop their competencies of conjecturing and proving. 
Conjecturing exploits the ability of seeing new logic relations between possibly previously unrelated ideas, and 
different new relations are divergent products. Flexibility and divergence have been argued as two key features of 
mathematical creation within mathematical situations (Haylock, 1987). Conjecturing tasks entail intellectual 
challenge which can be overcome with self-realization and fulfillment (De Villiers, 1999). This paper reports an 
exploratory study which aims at designing conjecturing tasks for most students and evaluating the qualities of 
conjectures in the tasks. We also analyse how students think and reason in the tasks to formulate 
conjectures. 
According to Lin, Yang, Lee, Tabach and Stylianides (2011), conjecturing task requires students to formulate 
conjectures according to some given information which could include either ill-defined or well-defined problems, 
and conjectures denote propositions which provide conclusions specified under the tension of simplifying 
conditions. Canada, Deulofeu, Figueras, Reid and Yevdokimov (2007) have classified conjecturing tasks into five 
types: (a) empirical induction from a finite number of discrete cases, (b) empirical induction from dynamic 
(implicitly infinite) cases, (c) analogy, (d) abduction, and (e) perception-based (mental representation) conjecturing. 
Lee and Sriraman (2011) have used the analogical type of conjecturing tasks to explore how gifted students became 
aware of hidden relations to make conjectures. They suggested that constructing knowledge by conjecturing can 
happen only when conjecturing is done with the necessity of justification.  
Generating and justifying conjectures is an important process in creating mathematical knowledge (Lacatos, 
1976), and every student should experience this process not only for discovering and verifying mathematical 
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knowledge but also for educational purposes (Koedinger, 1998). For general students, what tasks are conceptually 
challenging, meaningful and relevant to their personal experiences whilst remaining broad enough to enable critical 
and creative thinking?  Lin (2005) have partly evaluated to what extent a properly chosen false proposition can be a 
useful means for generating examples, characterizing counter examples and making conjectures. Furthermore, Lin et 
al. (2011) suggest four key principles to design effective conjecturing tasks by providing an opportunity to: engage 
in observation; engage in construction; transform prior knowledge; and reflect on conjecturing and conjectures. 
Nonetheless, ectures still call for further 
research (Lin, 2005). Yang (2010) also recognised that just providing opportunities to generate conjectures is 
insufficient to develop of conjecturing and it is better to have criteria for evaluating the qualities of 
. That is, assessment instruments have not been developed to measure the abilities of 
generating conjectures. We believe that the abilities vary with the types of conjecturing tasks. Nonetheless, we will 
take this challenge of designing conjecturing tasks for general students and evaluating the quality of student-
generated conjectures because of its importance for enhancing 
fluency, or problem solving. 
For designing a conjecturing task properly tackled by general students, we need to consider both their present 
knowledge which provide a sufficient basis for conjecturing and the cognitive requirement of the task which could 
follow the above four principles. According to Lin (2005), a false proposition is used as a means for eliciting 
misconceptions which inhibit the need for revising the propositions, i.e. conjecturing. For making it easier for 
general students to formulate their own conjectures, they are explicitly asked to modify premises or conclusions in 
the tasks. Thus, two research questions are to be explored by this study: (1) To what extent can students formulate 
conjectures in the tasks of modifying premises or conclusions? (2) 
conjectures in the tasks? 
2. Method 
2.1. Instrument 
Two false propositions were proposed in the questionnaire:  
Barbara said: There are three lines, L, L1 and L2, in the same plane. If L and L2 are parallel, and then L and L1 are 
parallel. 
Daniel said: There are three integers, a, b and c. If b is one factor of c, and then a is also one factor of c. 
Following each proposition, two questions are asked: 
(1) Do you agree with what Barbara/Daniel said? 
(2) If you agree with what Barbara/Daniel said, explain why. If you do not agree, revise it according to the 
form: 1 and L2, in the same plane (Given three integers, a, b and c), 
if                                 , and then                                      
The content of this conjecturing task is related to geometrical parallel and factors of an integer which are assumed 
to be familiar to eighth and ninth graders. 
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2.2. Participants 
The participants were 84 of eighth graders and 91 of ninth graders who had learned the concepts of geometrical 
parallel and factors of a whole number in elementary schools and some basic properties related to these two 
concepts in Grade 8. 
purposely selected to interview. All of them could correctly judge that both propositions were wrong. Three of them 
could not correctly revise the wrong propositions, but the others could. 
2.3. Data Analysis 
Through content analysis and inductive analysis, we use a two-step coding process. The first step is to judge if 
each conjecture. The quality is evaluated according to three facets: the simplicity of P, the generality of Q and the 
certainty of the expression. Table 1 shows the coding categories and some exemplary conjecture as to each category. 
When developing the coding system, we create the conjecture category of step 2 following the code of correct and 
incorrect conjectures in step 1, and the corresponding contents are exemplified with student-generated conjectures. 
There are no student-generated conjectures in I-3, I-4 and I-5 categories. 
Table 1. Examples of student-generated conjectures at each category 
 
Step 1 Step 2 
Correct Conjecture category Examples (from student data) 
C-1 P  Q, P is simplified and Q 
is generalised.  
If L L2, L2 L1, then L L1. 
If a is one factor of b, b is one factor of c, then a is one factor of c. 
C-2 P  Q, P could be more 
simplified or Q could be 
more generalised. 
If L L2, L2 L1, L2 and L do not intersect, then L L1. 
If a is one factor of b, b is one factor of c, b is a multiple of a, then a is one factor of 
c. 
C-3 P = Q, Q is expressed in 
other words. 
If L L2, then L2 and L do not intersect. 
C-4 Q is a (part) repetition of P If a is one factor of b, b is one factor of c, then a is one factor of b. 
C-5 Express with uncertain words 
and counterexamples 
If L L2, then it is not certain that L L1. (Drawing one or some counterexamples) 
C-6 Express with uncertain words 
but without counterexamples 
If a is not a factor of b, then it not sure that b is a factor of b.   
C-7 Examples Drawing a figure to show L L2 L1. 
C-8 Others If a > c, then a is not a factor of c. 
Incorrect Conjecture category Examples (from student data) 
I-1 P  L L2 (P  {b is one 
factor of c})  Q, P is 
simplified and Q is 
generalised. 
If L2 L1, then L L1. 
If a is one factor of b, then a is one factor of c. 
I-2 P  L L2 (P  {b is one 
factor of c})  Q, P could 
be more simplified or Q 
could be more generalised. 
If L2 L1, L2 and L do not intersect, then L L1. 
If a is one factor of b, b is a multiple of a, then a is one factor of c. 
I-3 Q is incorrectly expressed in 
other words. 
None. 
I-4 Q is a (part) repetition of P None. 
I-5 Express with uncertain words None. 
I-6 P   If  a is a multiple of b, then a or  b is a factor of c. 
I-7  If L1 is parallel, then L2 
is parallel. 
I-8 Others If L1 is not parallel L, then L1 and L have no intersection. 
3908   Kai-Lin Yang /  Procedia - Social and Behavioral Sciences  46 ( 2012 )  3905 – 3909 
The 175 student-generated conjectures were classified into these categories. A random selection of conjectures 
(30%) was coded by a second researcher resulting in 90% agreement; differences were negotiated and agreed upon.  
3. Findings 
After the premise in the conjecturing task is added, I-1 or I-2 would be the same as C-1 or C-2. C-3 and C-4 are 
logically correct but  no additional information appeared in the conclusion. The common feature in C-5 and 
C-6 is expressing conjectures with uncertain words. Thus, we combine I-1 with C-1, I-2 with C-2, C-3 with C-4, and 
C-5 with C-6. Table 2 shows the distributions of student-generated conjectures within the Grade 8 or Grade 9 groups. 
These results suggest that 46.4% of the Grade 8 group and 42.9% of the Grade 9 group are able to generate a 
conjecture of good quality (C-1 or I-1) in parallel content. However, lower percentage of the Grade 8 (23.8%) or 
Grade 9 (16.5%) group are able to generate a conjecture of good quality in factor content. It is interesting that one 
quarter of the Grade 8 or Grade 9 group, C-3 and C-4 in Factor content, gave a conjecture where the conclusion (Q) 
is expressed with substitute words or partly repetition from the premise (P). Particularly, some students (19.0% of 
the Grade 8 group and 14.3% of the Grade 9 group) would give examples as a conjecture. Although the Grade 9 
group has learnt more geometry content than the Grade 8 group, particularly related to geometrical reasoning and 
proof, they did not show better performance than the Grade 8 group. On the other hand, the percentage of the Grade 
9 group who did not respond to the tasks were higher than that of the Grade 8 group.  
Table 2. Distributions of student-generated conjectures 
 
Conjecturing  Task 
Category 
Parallel   Content Factor  Content  
Grade 8 (n=84) Grade 9 (n=91) Grade 8 (n=84) Grade 9 (n=91) 
C-1 or I-1  39 (46.4%) 39 (42.9%) 20 (23.8%) 15 (16.5%) 
C-2 or I-2 2 (2.4%) 1 (1.1%) 5 (6.0%) 4 (4.4%) 
C-3 or C-4 10 (11.9%) 12 (13.2%) 21 (25.0%) 23 (25.3%) 
C-5 or C-6 16 (19.0%) 13 (14.3%) 9 (10.7%) 9 (9.9%) 
C-7 0 (0.0%) 0 (0.0%) 3 (3.6%) 3 (3.3%) 
I-6 6 (7.1%) 5 (5.5%) 8 (9.5%) 3 (3.3%) 
I-7 1 (1.2%) 1 (1.1%) 2 (2.4%) 0 (0.0%) 
Others 4 (4.8%) 4 (4.4%) 3 (3.6%) 7 (7.7%) 
No answer 6 (7.1%) 16 (17.6%) 13 (15.5%) 27 (29.7%) 
As to geometrical parallel content, SC1 who generated a correct conjecture of good quality drew two parallel 
lines according to the premise and then manipulated the third line for paralleling one of the other two lines. He 
reflected that it was helpful to focus on the relationship between the third line and the other two lines. SC2 who 
expressed a conjecture with uncertain words drew two parallel lines and the third line which intersected the two 
parallel lines. She said this was a counterexample, and thus it is not necessary to be parallel . SI1 did not draw any 
L1 not parallel L,  asked to draw what she said, she corrected her 
 
As to factors of an integer content, SC3 is a 
there are too many 
examples to give all of them . SI2 conjectured that if a is a multiple of b, then a or b is a factor of c. The researcher 
asked how he  me that b is a factor of c, if b is 2 and c is 4, 4 is a multiple of 2, 2 or 4 is 
 
 
4. Conclusion 
Results show that students have the potential for generating conjectures when the tasks are designed with their 
familiar content. Interview data show that both examples and logical statuses (see Yang & Lin, 2008) are important 
to generate conjectures. Difficulties in generating a conjecture even though examples and counterexamples are given 
by students require further investigation. Based on our findings, the difficulties may be related to norms of 
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mathematical propositions, discrimination between a proposition and its inverse, and the intention of expressing 
generality. 
 These researchers propose that the process of generating conjectures should be emphasized more in mathematics 
instruction (Hanna, 2000; Ponte, 2007). Although teachers may implement conjecturing and proving activities, such 
activities often devolve into tasks of lower cognitive (Henningsen & Stein, 1997). To generate conjectures, students 
need to envisage the meaning of information, examples or statements, and then identify critical elements and their 
logical statuses (Komatsu, 2010; Yang, 2010). This process demonstrates the integration of divergent and 
convergent thinking which constitutes productive thinking process (Treffinger, Isaksen & Firestien, 1982) and 
acknowledges the importance of problem-finding and sensitivity in creative process (Runco & Chand, 1994). On the 
other hand, mathematics education research and curriculum documents in many countries have begun to recognise 
the benefits and importance of conjecturing activities. It is still necessary to continue to seek a rich and deep 
understanding of the interrelationship between mathematical creativity and conjecturing abilities. 
Acknowledgements 
This research was funded by the National Science Council of Taiwan (NSC 96-2521-S-018-004-MY3). 
References 
Boero, P., Douek, N., Morselli, F., & Pedemonte B. (2010). Argumentation and proof: A contribution to theoretical perspectives and their 
classroom implementation. In: M. F. F. Pinto, T. F. Kawasaki (Eds.). Proceedings of the 34th Conference of the International Group for the 
Psychology of Mathematics Education, (pp. Vol. 1, pp. 179-205). Belo Horizonte, Brazil: Exact Sciences Institute. 
ory and 
implications in practice. Journal of Teaching and Learning, 5(1), 55-72. 
De Villiers, M. (1999). The role and function of proof with Sketchpad. In M. de Villiers (Ed.), Rethinking Proof with Sketchpad (pp. 3-10). 
Emeryville, CA, USA: Key Curriculum Press. 
Hanna, G. (2000). Proof, explanation and exploration: An overview. Educational Studies in Mathematics, 44, 5-22. 
Haylock, D. W. (1987). A framework for assessing mathematical creativity in school children. Educational Studies In Mathematics, 8 (1), 59-74. 
Henningsen, M., & Stein, M. K. (1997). Mathematical tasks and student cognition: Classroom-based factors that support and inhibit high-level 
mathematical thinking and reasoning. Journal for Research in Mathematics Education, 28, 524 549. 
Kilpatrick, J., Swafford, J., & Findell, B. (Eds.): 2001, Adding It Up: Helping Children Learn Mathematics, National Academy Press, 
Washington, DC. 
Koedinger, K. (1998). Conjecturing and argumentation in high-school geometry students. In R. Lehrer, & D. Chazan (Eds.), Designing learning 
environments for developing understanding of geometry and space, (pp. 319-347). Mahwah, NJ: Lawrence Erlbaum. 
Komatsu, K. (2010). Counter-examples for Refinement of Conjectures and Proofs in Primary School Mathematics. The Journal of Mathematical 
Behavior, 29  (1), 1-10. 
Lakatos, I. (1976). Proofs and refutations: The logic of mathematical discovery. Cambridge University Press. 
Lee, K. H., & Sriraman, B. (2011). Conjecturing via reconceived classical analogy. Educational Studies in Mathematics, 76 (2), 163-140. 
Lin, F. L Proceedings of the 
29th Conference of the International Group for the Psychology of Mathematics Education (Vol. 1, pp. 3-18). Melbourne, Australia: 
University of Melbourne. 
Lin, F. L., Yang, K. L., Lo, J. J., Tsamir, P., Tirosh, D., & Stylianides G.(2011).
In M. de Villiers & G. Hanna (eds). Proof and Proving in Mathematics Education, ICME Study 19. New York, Springer. ISBN: 
9789400721289. 
Ponte, J. P. (2007). Investigations and explorations in the mathematics classroom. ZDM, 39 (5-6), 419-430. 
Runco, M.A., & Chand, I. (1994). Conclusions concerning problem finding, problem solving, and creativity. In: Runco, M.A. (Ed.), Problem 
Finding, Problem Solving, and Creativity, (pp. 217 290). Ablex Publishing Company, Norwood, NJ,. 
Treffinger, D. J., Isaksen, S. G., & Firestien, R. L. (1982). Handbook for creative learning. Sarasota, FL: Center for Creative Learning 
Yang, K. L., & Lin, F. L. (2008). A model of reading comprehension of geometry proof. Educational Studies in Mathematics, 67 (1), 59-76. 
Yang, K. L. (2010). The Potential of Statement-Posing Tasks. For the learning of mathematics, 30 (2), 22-23. 
 
